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Abstract
The purpose of this research is to develop the process of methodology in designing 
adaptable façade. This study focuses on the processes of façade operation control for each 
resident’s unit according to the user’s lifestyle. This study aims to develop the design 
methods that are applicable to the adaptable facade, which is inspired by the design 
inspiration of the biomimicry. The ideal façade to increase comfort in internal space is 
an adaptable façade that can constantly respond to changes in the environments. This 
chapter attempts in active adoption of adaptable facade that makes it possible to respond 
to changing requirements and environments, eventually enabling the creation of custom-
ized services for users. This chapter explores the processes of designing an adaptable 
façade controlled by three rules inspired by the behaviors of flocks of birds. This chap-
ter shows how adopted bird intelligence can produce various façade controls. Also, this 
chapter demonstrates biomimetic façade control that has been implemented by behavior-
based design. Through this demonstration, this chapter identifies the potentials of biomi-
metic design in facade using rules of bird flocking as source of design inspiration. This 
study concludes that a behavior-based approach provides flexibly responding façade to 
environments increasing users’ quality of life.
Keywords: biomimicry, adaptable facade, responsive architecture, behavior-oriented 
design, kinetic façade, façade control, bird flocking
1. Introduction
What is a façade? A façade is generally one exterior side of a building, usually the front, and the 
word comes from the French façade, which means “face.” In architecture, the façade remains, 
from a design perspective, the most important aspect of a building. It is an essential architec-
tural element, because a building’s façade determines the initial impression that a building 
© 2018 The Author(s). Licensee InTech. This chapt r is distributed under the terms of the Creative Comm s
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makes. In addition to the role it plays with regard to esthetic design, the building façade also 
serves to divide external and internal space and plays an important role in interacting with 
the outside environment. However, the environment is constantly changing. In arts, Monet 
painted a series of expressions of the ever-changing world. Monet painted images that change 
over time. This is the reason why Monet painted his Rouen Cathedral series more than 30 times, 
always at different times of the day and year. The series reflects many views of the same subject 
under different lighting conditions. Through this artwork, Monet would have wanted to prove 
that constant change is the truth of the world. In this regard, a good building must be capable of 
changing itself by accepting and responding constant variations in the environment [1, 13, 14].
In the ever-changing environment, the architectural façade should have functional perfor-
mances to protect human beings inside. The external environment changes continuously. One 
of the architectural elements to meet the functions is a facade. When designing the façade, archi-
tects need to consider external factors such as natural sunlight, temperature, humidity, precipi-
tation, wind, and earthquake. The façade protects people by creating a boundary between the 
inside and the outside. It is also important because it provides thermal comfort. For example, 
the façade of Notre dame du Haut, a Catholic chapel in Ronchamp, France, built in 1954, pres-
ents a picturesque image and also helps to fulfill peoples’ psychological needs by allowing a 
generous amount of natural light to reach those inside the thermal insulation of the external 
wall, saving energy as well providing a comfortable environment. However, this building has 
limitations: the curtain walls of the building are fixed, and it cannot respond flexibly to the 
fluctuating environment. We believe that the ultimate façade should be able to respond adapt-
ably to the ever-changing environment. Although the ideal is that a building should respond 
to changes in the environment like a living creature, most buildings are not satisfactory in 
this regard. For example, one of the most representative modern buildings is Lake Shore Drive 
Apartments in Chicago, designed by Mies Van Der Rohe. This skyscraper exhibits both the 
spirit of the twentieth century machine esthetic and minimalism; the building has no decora-
tive elements and is simply made of glass with metal structures. However, a weakness of this 
building’s façade is that it seems very static, and there is no user control of the façade. That is, 
it is impossible for residents to control the function of the façade at the level of the individual 
apartment unit. The building offers spectacular views to residents through transparent glass, 
but the level of thermal comfort is not optimal. In other words, fixed windows that cannot open 
and close have reduced the building’s ability to respond to the environment.
An ideal facade must be able to respond to changes in the environment [18]. An adaptable façade 
does this, and since it can extend the life of a building, it contributes to the development of sus-
tainable architecture [21]. An adaptable façade is able to interact with natural adaptive systems 
in order to respond continuously to the environment [9]. Typically, these buildings efficiently 
utilize windows in order to optimize façade illumination and building performance by inter-
acting with the environment [8]. The drawback of previously built façades is that they do not 
provide people with the ability to control the environment [10]. Most buildings focus primarily 
on performance-oriented design rather than user-oriented design. Previous studies have empha-
sized technical, performance-based facade design, and it is difficult to find adaptable façades that 
respond to users’ lifestyles and behaviors. Many architects have difficulty in designing façades 
that are responsive to users’ various lifestyle requirements and in incorporating these into façade 
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design [5]. The building façade should have features to optimize environmental performance as 
well as to consider the esthetic of building. The façade, in particular, should take into consider-
ation the user’s individual lifestyle and preference [19]. In order to overcome the limitations of 
existing buildings, this study explores user-oriented façade design.
The main purpose of this research is to develop a methodology for designing adaptable 
façades. This study focuses on the processes of façade operation control for each resident’s 
unit, allowing the user to adjust the façade to match the user’s lifestyle. This study aims to 
develop a design method inspired by the concept of biomimicry that is applicable to the 
development of adaptable facades. The study’s first objective is to propose applicable meth-
ods of façade design based on an interpretation of the rules of bird flocking. The second objec-
tive is to develop a design process that can be applied to a façade’s louver controls. The last 
objective is to develop an application example and identify the potential of the design process 
developed by this study.
2. Theoretical background
2.1. Adjustable façades and adaptable façades
The concept of adaptation in architecture aims to increase the usability of building functions in 
response to the external environment or the user’s behavior [22]. In other words, adaptable archi-
tecture results in sustainable buildings with extended lifespans by allowing buildings to make 
flexible changes to adapt to changing exterior environments [21]. The positive consequences of 
using methods to design adaptable façades include extending the lifespan of the building as well 
as improving the quality of human life. Designing adaptable façades not only prolongs the lives 
of buildings that use them but also improves the quality of human life. In this chapter, the types 
of adaptable façade design are divided into two types: adjustable façades and adaptable façades. 
To provide people with the ability to control the environment, we must plan for an adjustable 
façade. In an adjustable façade, the user can open and close the window or rotate the louvers 
to respond to the environment. It is a façade type that has been in existence for a long time and 
users manually control it. Adjustable façades allow for the manipulation of architectural ele-
ments by, for example, opening or closing windows and changing the angle of a louver.
An adaptable façade is a façade that can automatically adjust the environment using technol-
ogy, whereas an adjustable façade provides the user with manual control over the environ-
ment. An adaptable façade differs from a traditional façade; in that it incorporates adjustable 
devices whose capacity for interactive control enables the building envelope to act as a climate 
moderator. By using the façade in this way, we can provide a building with the ability to accept 
or reject free energy from the external environment and, as a result, to reduce the amount of 
artificial energy required to achieve comfortable internal conditions. One notable example of 
an adaptable façade is Al Bahr Tower, located in Abu Dhabi. Al Bahr Tower designed by AHR 
studio has the world’s largest dynamic façade, and this adaptive shading system of façade 
is designed to detect changes in the climate and save energy. The other building examples 
include One Ocean EXPO pavilion in Yeosou, Korea, Syddansk Universitet communications and 
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design building in Kolding, Denmark, and Media-TIC building in Barcelona, Spain [12]. The 
façade of One Ocean EXPO pavilion 2012 by SOMA architect consists of 108 kinetic fins as 
the opening elements. These fins called lamellas are reinforced at the top and bottom edges 
of the façade and provide a high tensile strength as well as a low bending firmness. The 
advantage of this facade enables large reversible elastic deformations [24]. In case of Syddansk 
Universitet building designed by Henning Larsen architect, it has a sustainable feature in a 
climate-responsive kinetic facade that adjusts to the changing daylight and controls interior 
temperatures for occupants. The Media-TIC building designed by architects Cloud 9 is also 
a good example of an adaptable façade. Using technology of sensor monitoring including 
occupancy, light, temperature, and humanity as well as renewable energy generation, it con-
sequently creates a near net zero energy in building [23].
Adaptable architecture offers an optimal environment for users inside. The façade is able to 
interact with natural adaptive systems to respond constantly to changes in the environment [9]. 
Typically, these buildings utilize windows efficiently to optimize façade illumination and to 
optimize building performance by interacting with the environment [8]. However, the problem 
with this façade is that it does not provide sufficient user control. Although adaptable build-
ing envelopes have positive aspects in achieving internal comfort for occupants and building 
energy efficiency, it still needs much more exploration in social and cultural aspects [12].
2.2. Façade design method using biomimicry
Principles of nature such as sustainability, bio-architecture, biophilia, biomimicry, and biomi-
metic architecture can help to address the environmental crisis of contemporary architecture 
and to provide more comfortable user spaces. Biomimetic architecture, which is the focus of 
this chapter, is a modern architectural philosophy that seeks to find solutions to architectural 
design challenges presented by every day changes in the environment around a given build-
ing [11, 15]. Biomimicry is not only a rapidly growing design principle in engineering, but it 
is also emerging as an important architectural principle. Problem solving by biomimicry is 
an approach that makes use of principles, mechanisms, and strategies found in nature [3, 4]. 
Janine Benyus, a pioneer in biomedical research in the United States, introduced the concept of 
biomimicry in 1997. Biomimicry is a concept that is inspired by nature, exploring sustainable 
solutions and applying them to design. The word is a combination of two Greek roots: bios, 
which means life, and mimesis, which means mimicry or imitation [23]. A typical example of 
an environmentally functional facade system utilizing a biomimicry design motif is the Arab 
World Institute designed by Jean Nouvel. The facade of the building measures and compares 
the luminance of the outside environment with the luminance inside the building and then 
adjusts the luminance using a window opening and closing device, providing an optimal illu-
mination environment inside the building [17].
However, although this performance-based approach provides beneficial features for controlling 
facades, it is not feasible to satisfy all residents’ individual needs or requirements of viable envi-
ronmental performance. This is because it provides a standardized performance without consid-
ering individual preferences. Another limitation with the performance-based approach is that 
it did not take into account the psychological needs of residents. People do not always have the 
same demands and the degree of demand varies according to the change of mood and situation. 
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This performance-based approach seeks for optimization to meet the building efficiency, but the 
optimized outcome might not be ideal for residents. In order to solve these drawbacks, this chap-
ter proposes a behavior-based approach rather than performance-based approach. It is assumed 
that the control of the facade according to occupant behaviors such as lifestyles, is more advanta-
geous in terms of psychological and environmentally sustainable aspect for occupants. As a strat-
egy to get inspiration for this behavior-based approach, the theory of the biomimicry is adopted. 
The biomimicry approach can improve the quality of the facade design by developing the facade 
control method based on the self-organization and collective behavior of the community [16]. In 
this study, as biomimicry approach, swarm intelligence theory is utilized. Terminology “swarm” 
has been wisely used to many areas including biology, engineering, computation and others. 
Swarm intelligence is firstly introduced by Beni and Wang, and it means the collective behaviors 
of self-organized system [2]. The collective behaviors include examples of army ants, bird flock-
ing, animal herding, fish schooling, and collective swarms of bacteria and locusts [7]. Mainly, this 
study is focused on bird flocking behaviors.
3. Behavior-oriented adaptable façade
Based on the above background information, this research aims to develop a behavior-based 
adaptable façade. First, a set of rules inspired by the flying behaviors of flocking birds are 
established to apply to adaptable façade control. A set of rules of façade control were devel-
oped accordingly. By examining the application of the rules of façade control, this research 
is to verify and demonstrate the potential use of the behavior-oriented façade control sys-
tem. There are three research components that we have chosen in order to resolve the façade 
design problem. To produce an adaptable façade, a bio-inspired design approach is adopted, 
using bird flocking intelligence [2], as our source of inspiration. The purpose of this research 
is to develop a façade control method that takes into account user behaviors.
In this study, three rules governing the flying behavior of birds inspire the control of the 
façade’s louver. The first rule is that birds fly close to and in the same direction as neighbor-
ing birds. As shown in Figure 1, each bird follows the behavior of neighboring birds. It is an 
important goal of this study to attempt to adapt such traits to the behavior of residents in the 
Figure 1. Rule 1: Adjacent birds react to each other in the same direction.
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building. For example, if a person closes a window when it is raining heavily to prevent rain 
from entering the room, other people will tend to follow this person and close their windows 
as well. If a person is away and is not able to close the window by himself, it would be useful 
to set up a system that closes windows automatically when it is raining.
The second rule is that birds maintain a constant distance from neighboring birds when fly-
ing. Birds maintain regular intervals with their neighbors to avoid the collision. Figure 2 is an 
example of the application of these laws. If a bird rotates by an angle of 30°, the rest of the birds 
can be interpreted as increasing its angle by 30° from its present angle. This principle can be 
used to increase the angle of each louver in the façade by 30° relative to the current louver angle.
The first and second rules described above might be too simple. We can apply more complex 
rules, but the complexity or simplicity of the rules applied is not important. The emphasis in 
this study is on architecturally interpreting the laws of bird behavior and thereby showing 
that the principles of these behaviors can be applied to architectural facades. However, an 
example of more complicated application method could explain the potential for the behav-
ioral principle of birds. The third rule was developed with this perspective.
The last rule is to fly toward the central gravity in the groups of the same neighbors. As 
shown in Figure 3, birds tend to fly as groups. From this, it is possible to set the assumption 
that the same group behaves in the same way. Thus, if a group of members cause a change in 
behavior, birds in the other groups do not respond to the behavior, but it can be assumed that 
birds in the same group follow the same behavior. It can be considered that these subgroups 
exhibit the same behavior in some way similar to the first rule. However, the difference from 
the first rule is that it applies only to the group, not to the whole. These groups can be defined 
by the bird’s flight, but they can be grouped into small groups according to lifestyle, age, and 
gender in a way that defines people. The characteristics of these residents are called residents’ 
profiles in this study.
The last rule is to fly toward the central gravity in the groups of the same neighbors. As shown 
in Figure 3, birds tend to fly in groups. From this, it is possible to make the assumption that 
the same group behaves in the same way. Thus, if members of a given group change their 
behavior, birds in other groups will not respond to that change. However, it can be assumed 
Figure 2. Rule 2: Birds’ behavior keeping certain degree of flying angle.
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that behavior will change within a given group in response to changed behavior by one of 
birds. Thus, these subgroups appear to exhibit the same behavior, as in the first rule. However, 
the third rule differs from the first rule, and in that it applies only to the subgroups and not to 
the flock as a whole. These groups can be defined not only according to the birds’ flight pat-
terns, but also can be grouped into subgroups according to lifestyle, age, and gender, similar 
to human subgroups. In this study, these characteristics that define resident subgroups are 
called residents’ profiles.
In this study, a case study was conducted to derive ideas about how to apply the three rules 
of bird flocking intelligence described above to façade control. As described above, we inter-
preted the birds’ flying behavior and applied what we learned to the façade’s louver control 
system. In other words, bird flocking behaviors were used as a source of inspiration for the 
creation of an adaptable façade corresponding to user’s behaviors and lifestyles.
4. Bird flocking behavior-based adaptable façade design
Generally, architects or designers do not create designs in the absence of any reasons or inspi-
rations. Many designs are inspired by something specific, and this is equally true for the design 
of architectural façades [25]. There are many things that inspire designers when designing a 
facade, but nature, in particular, is a frequent source of inspiration. In this respect, the biomim-
icry approach is very appropriate. In this chapter, we included two approaches to the design of 
an adaptable façade: a morphological design approach and a behavior-based design approach. 
Figure 4 shows the morphological approach to biomimetic design described above. A morpho-
logical biomimetic design approach follows the form of life. In this example, a bird’s profile 
and form are applied to an architectural façade. This method is straightforward and simple and 
therefore can be used easily by the designer. However, although this method has the advantage 
of providing a basis for façade design, it is not an effective example of using biomimicry.
Biomimicry design can be used to greater advantage by applying behavioral rules or rules 
inherent in living things rather than by applying such morphological methods. In this sense, 
the focus of this study is the behavior-based design approach. In this study, we propose a 
Figure 3. Rule 3: Birds’ behavior to steer together average “center of gravity” of birds’ group.
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methodology of façade design based on bird flying behavior. We also conducted research 
on the assumption that behavior-based design controls are more effective than performance-
based design controls. Most previous papers on façade design have adopted a performance-
based design approach. However, the performance-based facade control is based on general 
services rather than on one-to-one custom services. As a solution to this problem, this study 
proposes a behavior-based design control method.
4.1. Façade control system
As shown in Figure 5, this study argues that residents’ satisfaction can be improved by con-
trolling the physical environment individually based on the occupant’s behavior [25]. Our 
approach is to mimic the process of bird flocking and we developed control process of behav-
ior-based physical environment. The idea is to interpret the behavior of the birds and create 
an adaptable façade that responds to the behavior of residents. Life-log data on residents’ 
rules of behaviors in the building are the basis for making important decisions about control-
ling the physical environment. In developing such rules, we reinterpreted the behavior rules 
of birds and apply them to façade control. As shown in the figure, it is a process to control the 
façade louver based on using the user’s life-log to control the physical environment. In this 
behavior-based facade control, the residents’ life-log data play an important role.
As shown in Figure 5, this study argues that residents’ satisfaction can be improved by control-
ling the physical environment individually based on the occupant’s behavior. Our approach is 
to mimic the behaviors of flocking birds, and we developed a behavior-based process of control-
ling the physical environment. The idea is to interpret the behavior of the birds and to create an 
adaptable façade that responds to the behavior of residents. Life-log data on residents’ rules of 
behavior in the building are the basis for making important decisions about how to control the 
physical environment. In developing such rules, we reinterpreted the behavior rules of birds and 
applied them to the façade control system. In this behavior-based facade control method, the 
residents’ lifelog data play an important role to change the facade’s louver.
4.2. Principle of facade application of birds’ flocking pattern
In this study, we applied the three rules of bird flocking to the design of the façade pattern. 
Table 1 shows the bird behavior-based rules applied to the facade louver controls. As shown 
in the table, the principles of bird flocking behavior are applied to the façade louver controls.
Figure 4. Morphological design approach: façade design inspired by bird flocking.
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5. Façade design process using bird flight rules
In this study, we will explain various methods of applying bird flight patterns to adaptable 
façades. We also developed a bird flight-inspired example of the process of finding design 
rules and applying them to façades. Through these applications, we have explained that prin-
ciples of animal behavior can be used as a source of inspiration for biomimetic facades. This 
biomimetic façade design provides a systematic design framework for façades that responds 
Figure 5. Control process of behavior-based physical environment.
Bird flocking behaviors Façade application
Rule 1 To align with same direction of bird’s neighbor To align with certain degree of louver
Rule 2 To keep certain degree of flying angles To change certain degrees to adjacent louvers
Rule 3 To steer together average “center of gravity”  
of birds’ group
To steer toward the “average of degree” of same 
group
Table 1. Bird flocking behavior and façade application.
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to the user’s lifestyle and preferences [9, 17]. Therefore, in this chapter, we prove that inte-
grating design with the biological processes has the advantage of giving the architect more 
abundant design inspirations.
5.1. Case study
In this study, a Lotte Buyeo Resort building in the Republic of Korea was selected as a case 
study in order to apply the principles of bird flight to façade control. As shown in Figure 6, 
this façade has dozens of façade louvers. Although the actual building cannot adjust louver 
angles, this study assumes that the angle of louvers can be individually adjusted.
5.2. Residents’ facade louver control data
In order to demonstrate how to control the facade louver, we have matched each bird and 
each facade louver corresponding to individual residents. The concept diagram is shown in 
Figure 7. This diagram is based on the lifelog data illustrated in Figure 5.
In order to create the behavior-based facade louver control proposed in this study [26], it is 
firstly necessary to collect the residents’ behavioral data to control the angle of the facade 
louver. In this study, an imaginary lifelog data was used which is revised data of 24-hour 
self-diary to survey 53 residents in Korea [20]. Data collection of lifelog is a crucial research 
issue in behavior-based facade control. However, the data collection in this chapter is not the 
scope of the research. For the convenience of demonstrating the concept of the behavior-based 
facade control, an imaginary lifelog data is used. In this regard, Figure 8, which is revised and 
obtained based on the previous research [6], shows an illustrative example of how the louver 
of the facade is controlled based on the lifelog data. As shown in the figure, when the sensor 
detects illumination of daylighting, residents can make final decisions related to control on 
the facade using generalized behavior pattern. Behavior patterns include angle data of façade 
louver control made by residents. As shown in Figure 8, lifelog data may be accumulated by 
sensor technology. In future studies, based on the IOT, data collection for lifelog data needs to 
be further discussed.
Figure 6. Buyeo Resort building, Republic of Korea.
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Figure 7. Conceptual diagram of residents’ façade louver control.
Figure 8. Diagram of sensor technology based façade operation system (modified from “Intelligent Envelopes for high-
performance buildings” by [6]).
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Figure 9 shows an example of collected data of the residents’ previous behaviors pertaining to 
the façade louver angle. The lifelog is a record of user behavior. I argue that we should embed 
this behavioral data into a behavior-based adaptable façade design. After collecting previous 
lifelog data on the louver control angles used by the residents, we analyzed the residents who 
have similar behaviors based on this data.
Figure 10 is an example of data showing similar behavior among residents. For example, a 
similarity of 1.0 indicates the most identical behavior, and a similarity of 0.0 means that there 
is no identical behavior. The similarity of behavior is used to set the group of louvers to be 
controlled. The lower the similarity of behavior, the greater the number of louvers to be con-
trolled. We created this similarity index in order to establish a basis for controlling the angles 
of louvers on a group-by-group basis.
The residents’ façade louver control system determines whether louver control is required by 
sending a message to residents who show similar behavior, as shown in Figure 11, and asking 
them to make a decision. The reason to ask for the final decision on whether or not to change 
louver angle is that this individual user-oriented control is as important as group basis control. 
Although the system is pursuing automatic control on a group-by-group-basis, the ultimate 
goal is that the individual user eventually is able to decide that angles of louver in case of 
needs to change louver’s angle.
Figure 9. Residents’ behavior data collection.
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5.3. Behavior-based façade application
The first rule of bird flocking is that flocking birds align with a certain angle of flying. We 
interpreted this rule to mean that birds have a tendency to keep flying at an angle of the same 
Figure 10. Similarity level in behaviors between residents.
Figure 11. Façade louver control process by user’s decision-making.
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degree. The first application example is shown in Figure 12. As shown in the figure, when 
the angle of one louver changes, the angle of another louver also changes to the same angle. 
This is an application of the principle described above that if one bird changes direction, the 
adjacent birds change direction, and the other birds change directions as they see the adjacent 
birds again. For facade applications, residents (A, E, J, L, and M) in a similar behavior pattern 
group also rotate 45° in the same direction if resident D changes the angle of the louver from 
5 to 45°. In other words, all louvers of the same group will be changed to 45°, following the 
resident D. There is room for further study on the merit of the application of this principle in 
architectural performance. One of the advantages of applying these rules is that it creates a 
ripple effect through an entire group using one smart control. Currently, this represents only 
the beginning of the possibilities for control; this method will become more effective if it is 
refined by more advanced research on how to use it.
The bird flocking’s rule 2 is that bird flocking keeps certain distance between birds to avoid 
collisions. Rule 2 interpreted in this chapter is that birds have a tendency to change flying with 
the angle of certain degree. The second rule is to control the facade louver by means of a bird’s 
flight principle, which uniformly increases a certain angle of all current louver angles. As 
shown in Figure 13, if resident B rotates the louver angle by 30°, resident group (C, D, F, G, K) 
with similar behavior patterns also adjusts the angle by adding 30° from his angle. Therefore, 
each louver angle of user C, D, E, F, G, and K in group can be changed into 60, 50, 40, 35, and 
45°. It is a principle that maintains a certain angle like keeping a certain distance of a bird.
The second rule of bird flocking described above is that flocking birds maintain a certain dis-
tance among themselves to avoid collisions. We interpret this to mean that birds have a ten-
dency to change flying with the angle of certain degree. We applied this rule to the control of 
façade louvers by uniformly increasing or decreasing louver angles in a group in response to 
changes in an individual louver angle. As shown in Figure 13, if resident B increases the louver 
angle by 30°, the resident group (C, D, F, G, and K) with similar behavior patterns also adjusts 
the angle by adding 30° from his angle. Therefore, the louver angles user C, D, E, F, G, and K 
could, for example, change to 60, 50, 40, 35, and 45°, respectively. The principle is to maintain 
a certain angle the way birds in a flock maintain a certain distance among themselves.
The third rule of bird flocking is that flocking birds steer toward the average “center of grav-
ity” of a given group of birds. We interpreted this rule to mean that birds have a tendency to 
keep flying at the same average angle. It is assumed that there are three groups of birds and 
only birds in group 3 have changed the angle from 20 to 80°. Then, whole birds in group 3 
change flying degree into 55°. As indicated in Figure 14, if A changes the louver angle from 20 
to 80°, the mean louver angle of residents A, D, H, and J is 55°. Therefore, the louver angles of 
unit A, D, H, and J in same group can be changed into 55° of average of louver angle.
The last rule is that it is assumed that the same group of the residents has similarity in their 
lifestyle. Figure 14 shows an example of applying the louver control at the same angle after 
determining the average angle in the average louver direction of a similar group. The benefit 
of the third rule is that if you control according to a group of similar lifestyles, you are more 
likely to increase resident satisfaction. All of the abovementioned rules will be the same, but 
the third rule is more closely related to the concept of collective intellect.
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5.4. Discussion
In this study, we applied three biomimicry-inspired rules of behavior to a facade design. The 
method described here of applying the rules of bird behavior patterns to the case study building 
Figure 12. Façade simulation applied rule 1.
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described here is surprisingly simple, indicating that it would be simple and straightforward 
to apply this method to the design of architectural facades. Significantly, the method also pro-
vides a starting point for one-to-one customized services based on lifestyle-driven rather than 
Figure 13. Façade simulation applied rule 2.
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performance-driven controls. Performance-based controls can provide clear control baselines, 
but the problem is that the preference criteria for controls vary from resident to resident. One 
way to address this is through behavior-based control methods.
Figure 14. Façade simulation applied rule.
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Above, we discussed the merits of biomimicry and also explained that biomimicry has a role in 
providing a source of design inspiration. The concept of biomimicry can take into account the 
form and function of any other natural organism. The present chapter focuses on the process of 
an adaptable façade design method for concept derivation, which still has practical limitations 
[9]. In the future research, more architectural sections and prototypes are needed to develop by 
adding more functional aspects. In other words, the development of intelligent façade louver 
controls requires a model that combines smart material and sensor technology rather than 
mechanical control. The ideal control process is a hybrid model that combines behavioral and 
performance bases, as shown in Figure 15.
6. Conclusion
6.1. Summary and contribution
This chapter focuses on adaptable architecture that responds to user behavior and the external 
environment, unlike previous studies on environmentally functional façades. In this regard, 
Figure 15. Hybrid control process of performance and behavior-based physical environment.
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this chapter focuses on approaches to controlling façade functions based on user behavior and 
preference rather than a performance-based, functional control approach. The behavior-based 
method presented in this study provides an opportunity to increase the satisfaction of resi-
dents by providing each with individualized service. Of course, the behavior-based approach 
is not perfect. The ideal approach to façade control would be to integrate performance-based 
and behavior-based control methods more effectively.
The point of this chapter is not to mimic a bird’s form but to apply principles of birds’ behavior 
to an architectural façade. The contribution of this chapter is that it presents a façade louver 
control methodology based on an interpretation of birds’ flight behavior from the perspective 
of facade louver control. In particular, this paper differs from the previous studies which has 
been focused on biological forms because it has viewed biomimicry in terms of biological pro-
cesses and nature. Biomimetic design has great potential as a source of inspiration for innova-
tive architectural design. A behavior-based approach, in particular, offers opportunities for 
users to increase their quality of life by meeting personalized needs.
6.2. Future research
In this study, a case study for the development of a façade design using biomimicry is pre-
sented. Although future research will propose an adaptable façade based on various façade 
types, this study limits itself to control of the façade louver angle. However, further research 
is needed to extend façade control to window opening and blind systems. Future research 
aimed at building a façade control system that considers the view of the interior from a user-
centered rather than from an outside viewpoint is also needed.
Further research is also needed for further development of a hybrid façade that links per-
formance and behavior. For instance, adaptable façades associated with ventilation, thermal 
insulation, and day lighting should be developed. Further studies on esthetic aspects of adapt-
able façades, including design algorithm patterns, composition, and design principles, should 
also be pursued. In addition, moving beyond planar façades, design methods for adaptable 
façades that fit curved forms must be developed. A study of adaptable façades that can be 
controlled by self-organism is also needed.
This chapter concludes that a good building should be able to respond flexibly to ever-changing 
environments. A bio-inspired adaptable façade is a solution with great potential for creating 
esthetically pleasing sustainable architecture with comfortable interior conditions.
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